A Gram-stain-positive, facultatively anaerobic bacterial strain, GDSW-R2A3
, Fictibacillus enclensis [4] and Fictibacillus halophilus [5] , which represents the type species for this genus. The phenotypic characteristics corresponding to this genus highlight that these are Gram-stain-positive, motile, rod-shaped, endospore-forming bacteria. Species of the genus Fictibacillus have been isolated from different environmental niches such as industrial waste, metal ores, hot springs, freshwater, marine sediments and soil [1, 5] . In this study, characterization of strain GDSW-R2A3
T was done by using a polyphasic taxonomic approach.
Strain GDSW-R2A3
T was isolated from a downstream water sample collected from the river Ganges, Harsil (Gangotri), India (30.98 N 78.93 E). Strain GDSW-R2A3 T was isolated by using the standard dilution plate method on tryptic soy agar (TSA) medium and R2A agar medium (HiMedia). After the initial isolation on TSA and R2A, the pure isolate was routinely grown only on TSA plates for further characterization at 30 C and preserved in 10 % (v/v) glycerol solution at À70 C. The reference type strains F. phosphorivorans CCM 8426 T , F. nanhaiensis KCTC 13712 T and F. barbaricus DSM 14730 T were procured from the Czech Collection of Microorganisms (CCM), Czech Republic, the Korean Collection for Type Cultures (KCTC), Korea, and the German Collection of Micro-organisms and Cell Cultures (DSMZ), Braunschweig, Germany, respectively.
T and the three related strains were grown on TSA and characterized using a polyphasic taxonomic approach. The minimal standards for description of novel taxa of aerobic endospore-forming bacteria were followed as per the recommendations of Logan et al. [6] . Morphological features such as colony and cell morphology were studied in accordance with standard methods described by Murray et al. [7] . Cell size and presence or absence of flagella were determined by using a JEOL JEM 2100 transmission electron microscope (Fig. S1 , available in the online version of this article). Gram staining was performed using a Gram staining kit (HiMedia). Growth under anaerobic conditions was checked by methods described by Dhanjal et al. [8] . In order to determine optimum growth conditions, cells were grown in tryptic soy broth (TSB, Himedia) at 10, 15, 20, 25, 30, 37 and 42 C for 36 h. Growth at various NaCl concentrations (1, 2, 5, 7 and 10 %, w/v) was determined at 30 C in TSB medium supplemented with appropriate concentrations of NaCl; pH range was determined at pH 4.0, 7.0, 8.0, 9.0, 10.0, 11.0 and 12.0 using the buffer system described by Xu et al. [9] in TSB. Catalase activity, citrate utilization (using Simmons' citrate agar), H 2 S production and urea hydrolysis were determined as described by Cowan and Steel [10] . Hydrolysis of starch, casein and gelatin, indole production, methyl red and Voges-Proskauer (MR-VP) tests, oxidase activity and endospore staining were assessed as described by Smibert and Krieg [11] . Nitrate reduction was tested by the method of Lanyi [12] . Other physiological and biochemical tests were performed using VITEK 2-GP cards according to the manufacturer's instructions (bioM erieux). Acid production utilizing various carbohydrates was tested as described by Smith et al. [13] .
For chemotaxonomic studies, freeze-dried cells of strain GDSW-R2A3
T were prepared following cultivation in TSB for 48 h at 30 C. The polar lipids were extracted using methods described by Bligh and Dyer [14] , and two-dimensional TLC was run for detection of polar lipids as per methods described by Komagata and Suzuki [15] . Lipid spots were distinguished by spraying the following reagents: molybdophosphoric acid (5 %, w/v) in absolute ethanol for detection of total lipids (Fig. S2) . Strain GDSW-R2A3
T and the reference strains were grown on TSA medium at 30 C for 36 h for cellular fatty acid analysis. The fatty acids were extracted using the protocol of MIDI (Sherlock Microbial Identification System, version 6.0); further, the fatty acids were analysed by gas chromatography (HP 7890A) and identified by using the TSBA50 database as described by Sasser [16] and Pandey et al. [17] , respectively.
Genomic DNA from strain GDSW-R2A3
T was isolated using the Bacterial/Fungal DNA MiniPrep kit (Zymo Research), according to the manufacturer's instructions. The phylogenetic position of the strain was determined by the 16S rRNA gene sequencing method as described by Mayilraj et al. [18] . 16S rRNA gene sequence alignment and phylogenetic analysis were performed by using EzBioCloud (http://www.ezbiocloud.net) and MEGA version 7.0., respectively [19, 20] . Phylogenetic trees were reconstructed using the neighbour-joining, maximum-likelihood and maximum-parsimony algorithms. Bootstrap analysis was performed to assess the confidence limits of the branching.
The draft genome of GDSW-R2A3 T (NOII00000000) was sequenced and assembled at Genotypic (Bengaluru, India; http://www.genotypic.co.in) according to the methods described by Kumar et al. [21] . The genome of F. phosphorivorans CCM 8426 T (CP015378) was retrieved from the NCBI database and used as a reference for the determination of digital DNA-DNA hybridization (dDDH) and average nucleotide identity (ANI) with the query genome of strain GDSW-R2A3
T . The dDDH was estimated using the Genome-to-Genome Distance Calculator (GGDC) [22] . The contig files were uploaded on the GGDC 2.0 Web server (http://ggdc.dsmz.de/distcalc2.php), where dDDH calculations were performed. For analysis, formula 2 was used, since it calculates dDDH estimates independent of genome lengths and is recommended by GGDC for use with any incomplete/draft genome [22] . ANI calculations were performed with the software OAT [23] .
Cells of strain GDSW-R2A3
T were rod-shaped without any flagellum (Fig. S1) Table 1 . All four strains were positive for growth at 25-37 C and pH 6.0-8.0, growth with 1 % NaCl and acid production from dextrose; all strains were negative for growth at 12 C, with 10.0 % NaCl and at pH 4.0, citrate utilization, catalase, MR-VP, indole production, urea hydrolysis, H 2 S production and nitrate reduction. Acid was not produced from cellobiose, dulcitol, galactose, inulin, lactose, melibiose, raffinose, rhamnose or xylose by any of the strains. In the VITEK cards, all four strains were positive for arginine dihydrolase 1, L-lactate alkalinization, urease and arginine dihydrolase 2; all strains were negative for D-amygdalin, D-xylose, Ala-Phe-Pro arylamidase, L-aspartate arylamidase, L-proline arylamidase, b-galactosidase, bglucuronidase, alanine arylamidase, tyrosine arylamidase, D-sorbitol, polymyxin B resistance, D-galactose, lactose, bacitracin resistance, novobiocin resistance, D-mannitol, methyl b-D-glucopyranoside, pullulan, raffinose, salicin and sucrose. The major polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, three aminophospholipids, two phospholipids and one unidentified lipid, and the major menaquinone was MK-7. Major fatty acids found to be present in strain GDSW-R2A3 Table 2 .
Strain GDSW-R2A3
T shared the highest 16S rRNA gene sequence similarity with F. phosphorivorans CCM 8426 T (98.3 %) and F. nanhaiensis JSM 082006 T (98.3 %) followed by F. barbaricus V2-BIII-A2 T (98.0 %). The phylogenetic trees based on the neighbour-joining, maximum-likelihood and maximum-parsimony algorithms exhibited that strain GDSW-R2A3
T is a member of the genus Fictibacillus and forms a separate lineage compared with other species of the genus Fictibacillus (Fig. 1) . The draft genome of strain GDSW-R2A3
T consisted of 3 900 789 bp and 110 contigs with an N 50 contig length of 737 787 bp. Whole-genome based dDDH results showed that the DNA-DNA hybridization and ANI values between strain GDSW-R2A3 T and the type strain of the most closely related species, F. phosphorivorans CCM 8426 T , were 20.3 and 78.2 %, respectively, which were below the 70 % (DDH) and 95 % (ANI) threshold values suggested for the depiction of bacterial species [22, 23] . The DNA-DNA relatedness between strain GDSW-R2A3
T and other related species of the genus Fictibacillus was not studied, as it has already been shown that organisms with more than 1.4-3 % 16S rRNA gene sequence difference belong to different genomic species [24] [25] [26] . The DNA G+C content of the novel strain was 44.2 mol% (whole-genome sequencing). Based on data obtained in this polyphasic study, strain GDSW-R2A3
T is considered to represent a novel species of the genus Fictibacillus, for which we propose the name Fictibacillus aquaticus sp. nov.
DESCRIPTION OF FICTIBACILLUS AQUATICUS SP. NOV.
Fictibacillus aquaticus (a.qua¢ti.cus. L. masc. adj. aquaticus living in water, referring to the isolation of the type strain from water).
Gram-stain-positive, facultative anaerobic, occurring mostly as short rods, approximately 0.35-0.5 µm wide and 1-2 µm long. Colonies on TSA plates are creamish in colour. Grows at temperatures of between 25 and 37 C (optimum, 30 C), at pH 6.0-8.0 (optimum, pH 7.0) and tolerates up to 5 % . Data from the present study. All four strains are positive for growth at 25 and 37 C and pH 6.0 to 8.0, growth with 1 % NaCl and acid production from dextrose; all strains are negative for growth at 12 C, with 10.0 % NaCl and at pH 4.0, citrate utilization, catalase, MR-VP, indole production, urea hydrolysis, H 2 S production and nitrate reduction. Acid is not produced from cellobiose, dulcitol, galactose, inulin, lactose, melibiose, raffinose, rhamnose or xylose by any of the strains. In the VITEK cards, all four strains are positive for arginine dihydrolase 1, L-lactate alkalinization, urease and arginine dihydrolase 2; all strains are negative for Fig. 1 . Evolutionary history was inferred using the neighbour-joining method [27] based on 16S rRNA gene (1488 bases) sequences. The optimal tree with the sum of branch length=0.48109958 is shown. The percentages of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to the branches [28] . The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the maximum composite likelihood method [29] and are in the units of the number of base substitutions per site. The analysis involved 34 nucleotide sequences. All positions containing gaps and missing data were eliminated. There were a total of 1265 positions in the final dataset. Evolutionary analyses were conducted in MEGA7 [20] . Listeria monocytogenes NCTC 10357 T was used as an outgroup. Filled circles represent nodes that were also recovered in the maximum-parsimony and maximum-likelihood trees. Only bootstrap values !70.0 % are shown. Bar 0.01 % sequence variation.
